Research on bird song has contributed to important advances in diverse biological fields from neurobiology to conservation biology. Bird song has traditionally been studied as an elaborate male trait, but female song is also widespread in both temperate and tropical species and likely evolved in the early ancestors of modern songbirds. However, female song is underrepresented in biological collections compared to male song, and we lack documentation of female songs for most songbird species. Better documentation of female bird song is necessary for an understanding of the prevalence, regulation, function, evolution, and conservation applications of avian vocalizations. Therefore, we call on all researchers to disseminate their observations of female bird song, and to spread the word among other researchers, students, field technicians, and citizen scientists that many female songbirds sing. To this end, we provide resources for disseminating recordings and written documentation of female song, including best practices for documentation, venues for archiving and publishing, and our citizen science project, the Female Bird Song Project. We especially appeal to researchers studying marked populations who can accurately assess sex-specific singing behavior. Documenting female song across many species and geographic regions is a major endeavor. By working collectively, we can make the greatest progress toward applying the resultant knowledge to a wide variety of fields. Keywords: female bird song, natural history, documentation, natural sound archives, biological collections, citizen science Un llamado para documentar los cantos de las aves hembra: aplicaciones para diversos campos RESUMEN La investigación del canto de las aves ha generado avances importantes en varios campos de la biología desde la neurobiología hasta la biología de la conservación. El canto de las aves ha sido tradicionalmente estudiado como un rasgo elaborado del macho, pero el canto de la hembra también está extendido en las especies templadas y tropicales y probablemente evolucionó en los primeros ancestros de las aves canoras modernas. Sin embargo, el canto de la hembra está sub-representado en las colecciones biológicas en comparación con el canto del macho y nos falta documentación del canto de la hembra para la mayoría de las especies de aves canoras. Se necesita documentar mejor el canto de la hembra para entender la prevalencia, regulación, función, evolución y aplicaciones a la conservación de las vocalizaciones de las aves. Por lo tanto, hacemos el llamado a todos los investigadores para que diseminen sus observaciones del canto de las hembras, y para que pasen la voz a otros investigadores, estudiantes, técnicos de campo y científicos ciudadanos de que muchas aves canoras hembra cantan. Con este fin, brindamos recursos para diseminar grabaciones y documentación escrita del canto de las hembras, incluyendo mejores prácticas para documentación, modos para archivar y publicar, y nuestro proyecto científico ciudadano: Proyecto del Canto de las Aves Hembra -www. femalebirdsong.org. Hacemos un llamado especial a los investigadores con poblaciones marcadas quienes pueden evaluar con precisión el comportamiento del canto específico de cada sexo. Documentar los cantos de las hembras para muchas especies y regiones geográficas es un gran esfuerzo. Mediante el trabajo colectivo podemos hacer el mayor progreso hacia la aplicación del conocimiento resultante en una amplia variedad de campos. Palabras clave: archivos de sonidos naturales, canto de ave hembra, ciencia ciudadana, colecciones biológicas, documentación, historia natural Bird song is a complex behavior, the study of which has contributed to advances in a range of scientific fields, including neurobiology, avian physiology, behavioral ecology, evolutionary biology, and conservation biology (Catchpole and Slater 2008) . In the past, song has often been attributed primarily to male songbirds, but substantial research has emphasized that female bird song is widespread, can be structurally and functionally similar to
male song, and likely existed in the early ancestors of songbirds (Langmore 1998 , Riebel et al. 2005 , Odom et al. 2014 , Hall and Langmore 2017 . Thus, female bird song is biologically meaningful and has played a prominent role in the evolution of complex avian communication systems (Langmore 1998 , Odom et al. 2014 , Hall and Langmore 2017 .
Female song, however, is currently underrepresented, both in the literature and in biological (sound) collections. Investigating female song in conjunction with male song has great potential to advance both basic and applied research in the lab and in the field (Price 2015 , Riebel 2016 , Hall and Langmore 2017 . For example, female song data could enable detailed comparative studies of neural song control or could allow sex-specific avian monitoring (Brenowitz 1997, Odom and Mennill 2010) . In addition, to fully understand the evolution of complex song across songbird species, we need to investigate the selection pressures that have caused females to stop singing in some species while song has been maintained in both sexes in other species (Price 2015, Riebel et al. in press) . First, however, we need more documentation of female bird song.
The goals of this commentary are to raise awareness of the fact that females of many bird species sing and to recruit researchers from diverse fields to play a crucial role in documenting female songs. We held a roundtable discussion on these topics at the 2016 North American Ornithological Conference in Washington, District of Columbia, USA, with a follow-up discussion at the 2017 Animal Behavior Society meeting in Toronto, Ontario, Canada (see Appendix Table 4 for a list of participants in each discussion). Here, we report the outcomes of these discussions by (1) briefly reviewing the history and current state of female bird song documentation, (2) describing how a range of fields will benefit from increased documentation of female bird song, (3) explaining existing needs in the field, and (4) outlining how individual researchers can improve awareness and documentation of female song, especially in collaboration with students, research assistants, and citizen scientists.
The Deficit of Female Bird Song Documentation
Ornithologists generally recognize that some female birds sing (Catchpole and Slater 2008) . However, many researchers are still largely unaware that female bird song is widespread, even in temperate species (e.g., Ritchison 1983 , Halkin 1997 , Garamszegi et al. 2007 , Krieg and Getty 2016 . A recent survey of all songbirds revealed that females sing in 64% of species in which the male sings ( Figure 1 ; Webb et al. 2016) . Furthermore, in 42% of passerine species (Passeriformes) found in the United States and Canada and in 43% of European songbirds (Passeri), females have been reported to have some amount of song (Benedict 2008 , Garamszegi et al. 2007 , Rodewald 2017 . These numbers continue to grow as researchers watch closely for this behavior (e.g., Hahn et al. 2013 , Campbell et al. 2016 , Matthews et al. 2017 . Also, many female nonpasserine species use complex vocal signals during breeding and in other contexts, suggesting FIGURE 1. (A) Sex-specific information about song exists for only 27% of songbird species (Passeri); many of the remaining 73% of songbirds are monochromatic, tropical species in which female song is likely. (B) Of the species for which sex-specific song information is available, 64% have female song. Values from Webb et al. (2016) . Silhouettes modified from Bob Comix (http://www. supercoloring.com/silhouettes/wren).
that interesting female vocal behavior may be pervasive across all birds (Benedict 2008 , Geberzahn et al. 2009 , Odom and Mennill 2010 , Dahlin and Wright 2012 .
Despite the pervasiveness of female song, we currently have a deficit of knowledge on this topic. First, for most species, we lack basic documentation of whether females sing. A recent study across all songbirds found that sufficient information does not exist for 3,500 of 4,814 species (73%) to determine whether females sing (e.g., no mention of the sex of the singer; Figure 1 ; Webb et al. 2016) . Recent surveys suggest that the species that lack sex-specific song information are often monomorphic, tropical species in poorly studied or difficult-to-access regions, where female song is likely (Price et al. 2009 , Odom et al. 2014 , Webb et al. 2016 . Second, there are few species for which we have detailed descriptions of female song structure and output as written articles, species accounts, or archived media (Langmore 1998 , Riebel et al. 2005 . In proportion to male songs, female songs are much less abundant in biological collections ( Figure 2 ). When sex differences are known, it is important for researchers to document these differences in research articles and, especially, species accounts (Odom et al. 2014 , Webb et al. 2016 .
The deficit of female bird song research stems largely from a geographic bias that has resulted in a focus on male bird song (Kroodsma et al. 1996 , Slater 2003 , Beecher and Brenowitz 2005 , Catchpole and Slater 2008 . Although most bird species exist in the tropics, where song is common in both sexes, most research on bird song has been conducted in temperate regions, where male song is more abundant and evident than female song (Morton 1996 , Slater and Mann 2004 , Catchpole and Slater 2008 , Fjeldså 2013 . Nevertheless, as stated above, researchers have been accumulating evidence that females also sing in many temperate-breeding species and that female song is likely ancestral among all songbirds (Benedict 2008 , Odom et al. 2014 , Najar and Benedict 2015 , Krieg and Getty 2016 . Therefore, to fully document female song, we need to promote avian research in tropical locations and we need to look more closely at all avian species.
The geographic bias in bird song research also appears to have created a bias toward assuming that a singing bird is male (Figure 2) . In 2 major collections, the Cornell Lab of Ornithology's Macaulay Library and xeno-canto, songs labeled as 'male' are much more abundant than songs labeled as 'female' (Figure 2A ). Females sing less often than males in many temperate species, so numbers of female songs may be representative for temperate, dimorphic species, such as the Northern Cardinal (Cardinalis cardinalis; Figure 2B ). However, for monomorphic species in which females sing, such as the House Wren (Troglodytes aedon) and European Robin (Erithacus rubecula), high proportions of male song suggest that recordists label recordings as 'male' even when sex cannot be readily determined ( Figures 2C and 2D ). Particularly suggestive of bias, this trend exists even for the Stripeheaded Sparrow (Peucaea ruficauda), a tropical, monochromatic species in which song rates are known to be higher in females than males ( Figure 2E ; Illes and YunesJimenez 2009) . Hearteningly, most recordists label sex as 'unknown' for monochromatic species, as should be done when sex is uncertain or cannot be determined (Figure 2 ). Increased awareness of female song and closer observation of birds being recorded is needed to ensure accuracy of data pertaining to both sexes within media collections.
Applications of Female Bird Song to a Variety of Fields
We see distinct advantages to knowing about sex-specific differences in bird song for a broad range of fields, including comparative physiology, neurobiology, behavioral ecology, evolution, and conservation biology. Information about female singing behavior will help us to address a wide range of field-specific questions, as outlined briefly below.
Applications to neurobiology and physiology. Compared with male bird song, we know little about the neurobiological and physiological mechanisms that control differences in female song (Riebel 2003 , 2016 . Therefore, there is ample room for research into the mechanistic, neurological, and hormonal regulation of female bird song production and development. Female song is particularly valuable for such studies because the extent of sexual song dimorphism varies across species and sometimes populations, offering a natural gradient of female-male dimorphism. Thus, detailed comparative studies could be designed to examine song control and development across species with varying amounts of female vs. male song. In addition, future research could compare female and male song control and regulation along multiple axes of singing behavior (i.e. song rate, structure, and context). Existing research indicates an underlying similarity in male and female song production mechanisms, but much work remains to be done to elucidate detailed sex-specific variation (Fortune et al. 2011 , Christensen et al. 2017 . Such studies will require documentation of female song so that researchers can appropriately choose study species and analyze results with respect to multiple song features. This research would expand our knowledge of how sex differences in morphology (Ballintijn and ten Cate 1997, Hardouin et al. 2014) , neurobiology , Riebel 2003 , Gahr 2007 , Fortune et al. 2011 , and other mechanisms produce patterns of signal variation across all individuals in nature.
Applications to behavioral ecology and evolutionary biology. The function and evolutionary patterns of female song are perhaps the best-investigated topics in female FIGURE 2. (A) Female song recording numbers are low compared to those of male songs and the total numbers of song recordings in biological collections. In dichromatic species with female song, such as (B) Northern Cardinals (Cardinalis cardinalis), female song can be readily observed and recorded. In monochromatic species with female song, such as (C) House Wrens (Troglodytes aedon) and (D) European Robins (Erithacus rubecula), recordists often label recordings as male song, even though sex cannot be easily determined. This is true even for (E) Stripe-headed Sparrows (Peucaea ruficauda), a tropical, monochromatic species in which females sing more than males (Illes and Yunes-Jimenez 2009 ). An asterisk denotes samples that include research collections of known female songs.
The Auk: Ornithological Advances 135:314-325, Q 2018 American Ornithological Society bird song research, but we have still hardly scratched the surface of this field (Langmore 1998 , Hall 2004 , Slater and Mann 2004 , Price 2015 . Many questions surround what selective mechanisms are responsible for complex bird song in both sexes (Beecher and Brenowitz 2005 , Byers and Kroodsma 2009 , Tobias et al. 2012 . Functional studies suggest that females may use song in similar contexts as males, such as mate attraction, as well as in broader contexts, such as coordinating mating activities or resource defense (Ritchison 1983 , Langmore et al. 1996 , Halkin 1997 , Tobias et al. 2012 . More experimental studies are needed, however, and researchers have only recently started examining vocal complexity in female birds (e.g., Pavlova et al. 2005 , Brunton and Li 2006 , Illes and Yunes-Jimenez 2009 , Dalziell and Welbergen 2016 . Connecting functional mechanisms to structural variation between male and female song for a diversity of species could produce large-scale insights into signal evolution (Hall and Langmore 2017) . Comparative studies indicate that female bird song has been lost in certain major lineages of songbirds (Garamszegi et al. 2007 , Price et al. 2009 , Odom et al. 2014 ). Comparing the lineages in which both female and male songs are elaborate with lineages in which song has become reduced could provide new insights into what drives song complexity across songbirds (Price 2015) . Future studies could apply genomic data and powerful phylogenetic analyses to investigate evolutionary origins, sex differences in trait expression, and the genetic underpinnings of observed evolutionary trends (Wirthlin et al. 2014 , Wheatcroft and Qvarnström 2015 , MacManes et al. 2017 .
Applications to conservation biology. Song is a principal way in which birds are located, identified, and counted during point counts and other surveys. If singing females are counted as males during such surveys, then population size estimates and other monitoring outcomes are likely to be inaccurate (Emlen 1971 , Reynolds et al. 1980 , Hutto et al. 1986 , Ralph et al. 1995 . Improved documentation of female songs could provide reference audio files for field researchers to determine sex during surveys. In some species, female and male songs are distinct and frequent enough to allow estimates of population size for each sex based on their vocalizations. For example, the hoots of many owl species are sexspecific, and mated pairs of some species combine their calls into duets (e.g., Cavanagh and Ritchison 1987 , Appleby et al. 1999 , Grava et al. 2008 , Odom and Mennill 2010 . This sex-specificity could allow researchers to estimate the frequency of unpaired and paired individuals of both sexes across a population using acoustic surveys alone. In addition, studies of female bird song could help researchers to understand how urbanization and other anthropogenic factors might disrupt mating behavior. Many studies have examined how cities alter male songs, but none that we know of have looked at female vocal behavior (Slabbekoorn and den Boer-Visser 2006, Ortega 2012) . In species that use female vocal signals for mutual mate choice or pair coordination, studying anthropogenic effects on females as well as males could improve assessments of breeding impacts. Moreover, dialects also play a large role in mating decisions in songbirds, so understanding dialectal patterns of both sexes and how they affect mating will be important, especially for conservation involving translocations (Ryan 2006, Rowe and Bell 2007) . Thus, to best implement techniques that evaluate pair and population health, researchers must first do the groundwork to locate and describe the vocalizations of both sexes.
What Do We Need? To achieve any of the above goals, our needs are still very basic. First, birders and researchers need to be aware that female birds regularly sing, and they need to take the time to evaluate the sex of singing birds. Second, we need documentation of female songs in the form of descriptions and recordings, with an emphasis on accurate and reliable sex-specific information (Table 1) . Below we elaborate on each of these points. For some species or scenarios, it may be difficult to distinguish what constitutes 'song, ' so we encourage the documentation and reporting of all interesting, elaborate vocalizations in females, as well as males.
Awareness. Female bird song is common in taxonomically diverse species across all geographic regions. We ask all our colleagues to keep this fact in mind, and to not assume that any singing bird is a male. Avian researchers regularly collect in-depth data about bird populations, and thereby create ideal opportunities to detect female song. Several recent field studies of female song have come from research groups that were not specifically studying communication behavior, but when they took the time to closely observe their study populations, they discovered that the females sang or had other female-specific vocalizations (Hahn et al. 2013 , Matthews et al. 2017 , K. Omland, J. Cooper, and R. Lachlan personal communication). Furthermore, we encourage researchers with captive birds to carefully monitor the vocalizations of known males and females as this can also lead to discoveries of sex-specific vocalizations, even in well-studied species (Baptista et al. 1993 , Elie et al. 2010 , Amy et al. 2015 .
In addition to soliciting contributions from the academic community, we are working to raise awareness of female bird song among the general public, particularly citizen scientists (Benedict and Odom 2017) . To this end, we and our colleagues have created a citizen science project and website, the Female Bird Song Project (www. femalebirdsong.org; Table 2 ). This project is an international initiative based at Leiden University (Leiden, The Netherlands) and the Cornell Lab of Ornithology (Ithaca, New York, USA), with collaborators across Europe, North America, and Australasia. The Female Bird Song Project asks birders, researchers, and wildlife recordists around the world to listen for instances of female bird song and to deposit observations and recordings of female songs in biological collections. The Female Bird Song Project website provides tools and resources for observers, including where to document female bird song, target species lists, best practices for notes, and tips for recognizing females.
Documentation practices. Documentation of female bird song may take several formats: (1) raw field observations of behavior, (2) audio and/or video recordings, and (3) written, published descriptions in journals or species accounts (Table 1) . To fully benefit researchers working in multiple fields, these documentation types should be widely available and clearly labeled as female bird song. We encourage all researchers to publish and archive female song data in indexed, searchable outlets that document structure, vocalization rates, context, and associated behaviors (Table 1) . Whenever possible, written descriptions should be supported by archived photos, audio, and/or video files to preserve visual or acoustic features of the observed individual. All documentation should include metadata indicating the singer's sex and how that was determined. If sex is uncertain, researchers should mark it 'unknown, ' but include any information that may help others to determine the singer's sex. Moreover, continuing to document male song alongside female song (e.g., recording or studying both in the same population) will be important for comprehensive evaluation of song in both sexes. Note that previous studies may have used recordings assumed to be from males, but that may have been from females ( Figure 2) ; therefore, recordings of known males will also be valuable. These practices will allow researchers to use song data with confidence well into the future.
What Can You Do? Documenting female songs from a wide geographic and taxonomic range of species will take time and will achieve the greatest success if many observers participate. Ornithologists can help by engaging fellow researchers, students, field technicians, and citizen scientists. Below we outline ways in which researchers can raise awareness and promote documentation. Spread the word. Discuss female song with your colleagues, students, and employees. Encourage your students and technicians to watch for female song while they are in the field or lab. Teach them to include informed sex-specific information in their notes, when possible. When giving talks or engaging in outreach to the general public, mention that female birds sing. This is something of which not many people are aware, but can provide an interesting tidbit or goal for birders who are otherwise familiar with most species in their area. Such small gestures can make a large difference when they reach a wide audience.
Share appropriate resources with citizen scientists, students, and technicians. There are many online resources for both researchers and citizen scientists to document and archive female bird song (Table 2) .
Disseminating these resources and knowledge about female song is a small but important step toward improving awareness and documentation. The Female Bird Song Project website provides a list of species in which female song has been documented and maps of where female song has been recorded. You can engage birders and recordists by pointing out species in which females sing. For this purpose, we include a list of species within the United States and Canada that are known to have female bird song (Appendix Table 5 ). This list is undoubtedly incomplete, but provides a starting point for interested wildlife enthusiasts.
Disseminate your findings. Descriptions and recordings of female song can be shared in multiple ways, including (1) in public observation databases, such as eBird (http://ebird.org/) and iNaturalist (https://www.inaturalist. org/), (2) in media archives, such as the Macaulay Library (https://www.macaulaylibrary.org/) and xeno-canto (http://www.xeno-canto.org/), or (3) within published articles in journals or species accounts in books and edited volumes, such as the Handbook of the Birds of the World or the Birds of North America (https://birdsna.org; Tables 1-3) . We strongly encourage all researchers who have observations and/or recordings of female songs to share them through any of the above outlets. For researchers who do not frequently use eBird or xeno-canto, the Female Bird Song Project website provides instructions for uploading to each and suggestions for the kinds of information to include (such as the sex of the singer and how sex was determined; Tables 1 and 2) .
While fewer journals publish natural history notes or descriptive papers than in the past, such publications still have great value. Many bird-specific journals, especially those oriented toward fieldwork or with a regional focus, are excellent outlets for such documentation (Table 3) . Scientific articles documenting female bird song in a species for the first time or quantifying differences between female and male song structure are generally simple to write and widely accessible, with appeal to researchers, students, and citizen scientists alike (e.g., Hall 2006 , Koloff and Mennill 2013b , Campbell et al. 2016 . Importantly, such detailed quantification of song can lay the groundwork for more extensive research in subsequent studies (e.g., Hall and Magrath 2007 , Logue 2007 , Koloff and Mennill 2013a . Accessible outlets for including female song descriptions in species accounts include the Birds of North America (https://birdsna.org) and Neotropical Birds (https://neotropical.birds.cornell.edu; Table 3 ). All ornithologists, including advanced students with knowledge of a particular species or family, can contribute to these publications (e.g., Cabe 1993 , Yosef 1996 , Koloff and Mennill 2011 . Leverage global connections. All researchers who document female bird song should be aware of geographic biases in our knowledge base. A good deal of song research is currently being conducted on species in temperate or subtropical zones within the U.S., Canada, Australia, New Zealand, and Europe. Research on and interest in female bird song is increasing in tropical and equatorial regions of the world, but more work is needed here as species diversity is high and female song is especially common in these regions (Slater and Mann 2004, Fjeldså 2013) . It is currently unknown whether female song occurs in many African, Asian, and Pacific Island species, making documentation from these regions particularly valuable. Acknowledging the need for information from these areas and generating international interest are important steps. Actively establishing research programs or initiating collaborations with research groups, students, or citizen scientists in these regions could have tremendous and lasting impacts on documenting not only female bird song, but many aspects of avian biology across taxa.
Conclusions
Increasing our knowledge of female bird song will advance avian research in a wide range of fields from neuroethology to conservation biology. Documenting female songs from a broad geographic and taxonomic range is a large task, with the potential for greatest success if researchers from all fields participate. Ornithologists can help by disseminating their observations and engaging researchers, students, field technicians, and citizen scientists. We encourage researchers to spread the word about female bird song, share applicable information and resources, and work with interested students and wildlife enthusiasts to listen for female song in established lab or field populations of marked, sexed individuals. Working collectively, we can best document the range of avian vocal diversity in both sexes for the broadest number of species. With these data we can then comprehensively address major questions about the regulation, function, evolution, and conservation applications of bird song. None of our funders had any input into the content of the manuscript, nor did they require their approval of the manuscript prior to submission or publication. Ethics statement: No live birds were used in this study, only archived data. Author contributions: The development of ideas, content, organization, and writing for this manuscript were shared by both coauthors.
ACKNOWLEDGMENTS

LITERATURE CITED
